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Purpose: to investigate the impact of training of vascular fellows on the results of carotid endarterectomy (CEA) in
unselected patients and to evaluate the recommendations of the European Board of Surgery Qualification in Vascular
Surgery (EBSQ-VASC) concerning CEA.
Methods: complication rates and selection criteria of all CEAs, performed between 1995 and 2000 (n 200) were
retrospectively analysed and correlated to operating surgeon; supervised, nonsupervised vascular trainees, and consultant
vascular surgeons. The number of CEAs were compared with the required minimal procedures according to the
EBSQ-VASC.
Results: selection criteria for CEA did not differ significantly between operating surgeon groups, except that combined
procedures were more performed by nonsupervised trainees and asymptomatic stenosis by consultant surgeons. The overall
persistent disabling stroke rate and stroke-related mortality was 3%, with 4.3% in the supervised group, 0% in the
unsupervised, and 2.8% in the consultant surgeon group, respectively. The amount of CEAs corresponded to the demands
of the EBSQ-VASC.
Conclusions: in our institution, no significant differences in neurological morbidity and mortality following CEA could be
demonstrated in relation to surgeon training level. The number of CEAs performed by residents fulfil the criteria of the
EBSQ-VASC. We conclude that CEA can be safely taught to vascular trainees in unselected patients in a vascular training
centre.
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Since the results of the North American Symptomatic
Carotid Endarterectomy Trial (NASCET), the European
Carotid Surgery Trial (ECST) and the Asymp-
tomatic Carotid Artery Stenosis Surgery (ACAS)
were published, the number of CEAs performed has
been increasing worldwide.1±3 There is discussion
whether or not the reported incidence of perioperative
morbidity and mortality in these studies can be extra-
polated to other surgeons, hospitals and especially
training centers, because these trials were based on
selected, closely controlled patients and the operations
were performed by qualified, skilled surgeons.4±6
Also there is supportive evidence that a positivePlease address all correspondence to: A. Rijbroek, Department of
General and Vascular Surgery, Kennemer Gasthuis, PO Box 417,
2000 AK Haarlem, The Netherlands.
1078±5884/03/030256 06 $35.00/0 # 2003 Elseiver Science Ltd. Allvolume-outcome relationship exist for performing
CEA and that not all complication rates are being
monitored.7±10
This increasing number of CEAs in combination
with the demands for a low complication rate, empha-
size the role of educational programs and supervised
training in vascular surgery. The European Board of
Surgery Qualification in Vascular Surgery (EBSQ-
VASC) propose guidelines for training experience in
vascular surgery including CEA. It is remarkable that
several patient- and surgery-related factors, such as
caseload, shunt use, and patch use were often subject
for risk analysis for carotid endarterectomy whereas
the impact and role of training of vascular fellows has
remained underexposed. For example, in the ECST
one of the prerequisites was that the performing
surgeon was not a trainee.
The purpose of this study was to evaluate our training
program for CEA according to the recommendationsrights reserved.
The Impact of Training in Unselected Patients 257of the EBSQ-VASC and to correllate the outcome of
CEA to the training level of the operating surgeon in
an academic vascular teaching hospital.
Materials and Methods
The medical records of all CEAs from 1995 to 2000
were reviewed. In that period 185 patients underwent
200 CEAs. The average age of the patients at the time
of operation was 66 years, with a range from 28 to
85 years (men 66 years, female 67 years).
The indications for operation were amaurosis fugax
(21%), TIA (42%), stroke (20%), nonhemisferic symp-
toms (5%) and asymptomatic stenosis (12%). Twenty-
six (13%) of the operations were performed urgently,
defined as requiring continued hospitalization until
operation. Thirteen CEAs were combined with cardiac
procedures and one with a thyroidectomy. Ninety
(45%) of patients underwent monitoring by means of
electroencephalogram (EEG) and/or transcranial dop-
pler (TCD) and/or mean stum pressure. In 34 of these
monitored cases (37%) a shunt was indicated and in
110 patients (55%) primary shunting was performed.
Fourty-eight carotid arteries were closed primarily,
whereas in 148 patients a patch was used and in four
patients an interpositiongraft (Table 1).
The degree of carotid stenosis was determined on
duplex and/or angiographic findings using the
NASCET criteria. If there was no angiography made
or it was not conclusive, the degree of stenosisTable 1. Patients' characteristics.
Characteristics n (%)
No of operations 200 (
No of patients 185 (
Indication
Symptomatic 176 (88)
Amaurosis fugax 42 (21)
TIA 84 (42)
Stroke 40 (20)
Nonhemisferic 10 (5)
Asymptomatic 24 (12)
Procedure
Patch 148 (74)
Interpositiongraft 4 (2)
Monitoring (EEG,TCD and or stump-pressure) 90 (45)
Shunt 144 (72)
Primary 110 (55)
Secondary 34 (17)
Priority
Elective 174 (87)
(Semi)-acute 26 (13)
Concomitant CABG 13 (
Concomitant other surgery 1 (was determined by duplex examination only. The
ultrasound criteria for a internal carotid stenosis
between 50 and 70% required a PSV of more than
125 cm/s; for an internal carotid stenosis 470% an
internal, to common carotid artery PSV-ratio of more
then four; for internal carotid stenosis480% an end
diastolic velocity of 130 cm/s was required.11,12
All operations were performed under general
anaesthesia. All postoperative in-hospital complica-
tions were registrated. A postoperative stroke, transi-
ent or permanent, was diagnosed when a new focal
neurological deficit, not present preoperatively, was
recorded. Rankin criteria (Table 2) were used pre-
and postoperatively at discharge to assess the neuro-
logical state and outcome.13 A postoperative bleeding
was defined as a re-exploration for wound hematoma
or progressive swelling.
Mortality rates included the in-hospital CEA-
related mortality (stroke- and non-stroke-related) and
the CABG-related mortality.
The guidelines of the EBSQ-VASC were taken from
the EBSQ-VASC assessments from the year 2000. The
demands of the EBSQ-VASC certification is a min-
imum of 6 years surgery with at least 2 years vascular
surgery training. For experience in CEA a minimum of
30 procedures, 15 as first assistant, 10 as principal
surgeon assisted by trainer and five procedures non-
supervised is required.
The 200 CEAs in our institute were performed by
four different vascular trainees and two consultant
vascular surgeons. The first 10 to 20 procedures
(depending on skill level) are performed under super-
vision by the consultant vascular surgeon whereafter
the trainees are allowed to perform CEAs without
supervision.
Statistical analysis was performed with chi-squared
analysis or Fisher exact test for comparison between
and within the surgeon groups.Table 2. Rankin scale grades.
Grade Description
0 No symptoms
1 Minor symptoms that do not interfere with
lifestyle
2 Minor handicap; symptoms that lead to
some restriction in lifestyle but do not
interfere with the patient's capacity to
look after himself
3 Moderate handicap; symptoms that
significantly restrict lifestyle and prevent
totally independent existence
4 Moderately severe handicap; symptoms that
clearly prevent independent existence
though not needing constant attention
5 Severe handicap; totally dependent patient
requiring constant attention night and day
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Table 4. Patients characteristics pre- and peroperative related to
supervised, nonsupervised trainees and consultant vascular
surgeons.
With
supervision
n 117
Without
supervision
n 47
Vascular
surgeon
n 36
Statistical
significance
Age (years)
Median (range) 66 (28±85) 68 (50±85) 70 (49±80) ns
Sex
Female 36 (31) 21 (45) 11 (31) ns
Male 81 (69) 26 (55) 25 (69) ns
Symptoms
Asymptomatic 9 (8) 7 (15) 8 (22) p 0.05
Symptomatic 108 (92) 40 (85) 28 (78)
Degree of stenosis on operated side
50±70% 9 (8) 3 (6) 2 (6) ns
70±80% 45 (39) 13 (28) 7 (19)
480% 63 (54) 31 (66) 27 (75)
Degree of contralateral stenosis
580% 85 (75) 36 (76) 22 (61) ns
480%or
occluded
26 (23) 9 (20) 12 (33)
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The vascular trainees performed 164 CEAs, of which
117 were supervised and 47 unsupervised. The
remaining 36 CEAs were performed by one of the
consultant vascular surgeons due to absence of avail-
able trainees. The mean hospital's annual caseload was
33.3 CEAs. The mean surgeon's annual caseload was
10.5 CEA, with a range of one to 28 procedures/year.
Most CEAs were performed by the trainees with a
annual case load of 13.7 (range 6±28). The four vas-
cular trainees performed respectively 29, 29, 35 and 71
CEAs, which is in agreement with the recommenda-
tions of the EBSQ-VASC (Table 3). Although the case-
load of the consultant vascular surgeon was just 5.1
(range 1±11) annually, he supervised 117 procedures,
which attributed to his caseload with 6.5 a year. No
significant difference existed in age, gender distribu-
tion, degree of stenosis on the operated side, degree
of contralateral stenosis, operation-side, priority and
redo-surgery between the three groups. Asympto-
matic patients were relatively more operated by
the consultant vascular surgeon and consultant vas-
cular surgeons were using patches less frequently.
Nonsupervised trainees performed more CEA com-
bined with other surgery (in all cases except for one
CABG) compared to supervised trainees and consul-
tant vascular surgeons (Table 4).
The complication rate related to the performing sur-
geon are illustrated in Table 5. At discharge there were
five patients with persistent neurological deficits or
a Rankin40, corresponding with a disabling or
permanent stroke rate of 2.5%. If all persistent
and temporary postoperative neurological morbidity
was included a rate of 5.5% can be calculated. The
neurological morbidity consisted of two transient
ischemic attacks (1%) and 4 minor disabling strokes
(2%). There were five patients with a hyperperfusion
syndrome (2.5%), characterized by headache, seizures,
intracranial oedema and one of them had a large
intracerebral hemorrhage. Three of the patients with
a hyperperfusion syndrome had a complete recovery.Table 3. Number of CEAs performed by vascular trainees and the
guidelines of the EBSQ-VASC.
Vascular
trainee
First
assistant
With
supervision
Without
supervision
Total
CEAs
EBSQ-VASC 15 10 5 30
A ? 19 13 29
B ? 21 8 29
C ? 25 10 35
D ? 55 16 71
Eur J Vasc Endovasc Surg Vol 26, September 2003One patient is independent but has small limitations
in daily activities (Rankin 2) and the patient with
the intracerebral hemorrhage died the fourth
postoperative day.
The CEA-related and the stroke-related mortality
rate was determined at respectively 1.5 and 0.5%.
One patient died of a stroke-related complication
(hyperperfusion syndrome with large intracerebral
hemorrhage), one patient died of pulmonary compli-
cations and one patient developed on the tenth post-
operative day intra-abdominal haemorrhage caused
by a systemic vasculitis and died on the 56th day
because of multi-organ failure. Although the in-
hospital mortality consisted of five patients or 2.5%,
two patients died after a combined CABG and CEA,
because of cardiac complications related to the CABG.
A reoperation for hematoma was performed in
10 patients (5%).
No significant differences in complication rates
between the performing surgeon groups could be
demonstrated.Unknown 6 (2) 2 (4) 2 (6)
Side operation
Left 69 (59) 31 (66) 16 (44) ns
Right 48 (41) 16 (34) 20 (56)
Priority
Elective 103 (88) 38 (81) 33 (92) ns
(Semi)-acute 14 (12) 9 (19) 3 (8)
Concomitant
surgery
4 (3.4) 7 (15) 3 (8) p 0.03
Redo-surgery 2 (1.7) 0 2 (5.6) ns
Shunt-use 83 (71) 39 (83) 23 (64) ns
Patch/graft 95 (81) 37 (79) 20 (56) p 0.006
Figures in parentheses are percentages.
Table 5. Mortality and morbidity related to between supervised, nonsupervised trainees and consultant vascular surgeons.
With
supervision
n 117
Without
supervision
n 47
Vascular
surgeon
n 36
Total
CEAs
n 200
Statistical
significance
Overall Mortality 3 (2.6) 1 (2.1) 1 (2.8) 5 (2.5) ns
CEA-related 2 (1.8) 0 1 (2.8) 3 (1.5) ns
stroke-related 1 (0.9) 0 1 (0.5)
non-stroke related 1 (0.9) 1 (2.8) 2 (2)
CABG-related 1 (25) 1 (14.3) 0 2 (14.3)
Overall Neurological morbidity 7 (6) 2 (4.3) 2 (5.6) 11 (5.5) ns
TIA/nondisabling stroke 0 1 (2.1) 1 (2.8) 2 (1)
Disabling stroke 3 (2.6) 0 1 (2.8) 4 (2)
Hyperperfusion syndrome 4 (3.4) 1 (2.1) 0 5 (2.5)
Rankin at discharge40 4 (3.4) 0 1 (2.8) 5 (2.5) ns
Bleeding/re-operation 7 (6) 2 (4.3) 1 (2.8) 10 (5) ns
Figures in parentheses are percentages.
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The justification for CEA is based on the results of the
NASCET, ECST and ACAS. Despite development of
endovascular techniques, the number of CEAs per-
formed worldwide continues to increase which urges
the need for qualified surgeons to perform these
operations.
With regards to this increasing number of CEAs and
to assure the quality in the future, training, but also
reporting results of carotid artery surgery is obliga-
tory. There are different trainings methods for carotid
surgery. According to EBSQ-VASC recommendations,
experience as first assistant contribute already to vas-
cular training. Naylor et al. proposed that the vascular
trainee start with a part of the operation, like carotid
dissection, shunt placement or primary closure.14
In The Netherlands, vascular trainees have com-
pleted a 6 year general surgical education, before
they can start with a vascular training program for
a subsequent period of 2 years. In this 6 years of
general surgery they obtained already vascular
experience as first assistant in CEA. In our institution
therefore the vascular trainee performs straight the
entire procedure under supervision. After 10 to 20
CEAs have been carried out with satisfactory technical
and functional results, the consultant is on the
background in the theatre at different phases of the
operation. Also there is no policy of patient selec-
tion, although in this study there was a tendency
that consultant vascular surgeons operated more
asymptomatic patients.
Data concerning the results of CEA performed by
trainees for vascular surgery are limited. Naylor et al.
found a very low complication rate in vascular
trainees of 2% mortality and all stroke rates in 82
CEAs, but combined procedures were not included.14
Bradbury et al. reported a 7.6% total neurologicalevent rate in supervised trainees in 92 CEAs, but just
one patient had a fatal stroke (1.1%).15 Graham et al.
found in 201 CEAs just three patients (1.5%) with a
postoperative stroke of which two patients recover
completely, but he excluded concomitant procedures
and nonstroke-related mortality.16 Hussain et al.
described in 573 CEAs a perioperative death and
all neurological complication rate of 0.8 and 6.9%,
with no significant differences between trainees and
consultant vascular surgeon.17 In all these studies
no difference were made between supervised and
nonsupervised trainees.
In this study the disabling stroke (Rankin40) and
the stroke-related mortality rate at discharge was
3.0%, which was independent of the trainings level
of the surgeon. Although the overall neurologic mor-
bidity was 5.5 % and the overall mortality rate 2.5%, it
included also the patients with a postoperative TIA,
hyperfusion syndromes with and without recovery,
semi-acute CEA, patients with combined procedures
and in-hospital-mortality after 30 days. In most stu-
dies these patients are excluded, not mentioned and/
or the stroke/death rate is limited to 30 days. Com-
parison of complication rates in studies are only justi-
fied if the results take to in account the exclusion and
outcome criteria (Table 6). Although there is no evi-
dence that the complication rate after CEA for trainees
in vascular surgery is higher, adequate training
remain important.
The mean major stroke and mortality rate for com-
bined procedures of CABG with CEA is high, but the
number of patients were small. In an overview the
30-days mean major stroke and mortality rate for
combined procedures (n 3295) was 3.9 and 4.5%
respectively, but others reported complication rates
to 18.7%.18,19 The finding of 5% re-operations for
wound hematoma corresponds with the findings in
the literature, with a rate between 1 and 10.9%.20Eur J Vasc Endovasc Surg Vol 26, September 2003
Table 6. Utilized exclusion-criteria and outcome definitions in
studies.
Exclusioncriteria Outcome definitions
Age 480 years 30 days or in-hospital
morbidity/mortality
(Semi-) acute procedures Minor versus major stroke
Concomitant surgery Stroke versus nonstroke-related
Redo-surgery Disabling versus nondisabling
stroke
Caseload5 12 CEAs annually All versus only surgical
related complications
Trainees All neurological complications
Uncontrolled hypertension (including TIA and
Diabetes hyperperfusion-syndromes)
Unstable coronary artery disease versus only permanent
neurological complications
260 A. Rijbroek et al.The use of shunt in our study is high. Primary
shunting was performing in 110 patients (55%) and
selective shunting in 34 patients (37%). In our institu-
tion primary shunting is carried out in patients with
a severe contralateral stenosis (480%) or occlusion, in
patients with a ipsilateral cerebral infarct on computer
tomography or magnetic resonance imaging, in all
combined procedures, in urgently procedures and
when no neuromonitoring was available. Although
there are reports that the use of shunts is particularly
related to a raise of complications, in our study there
were no postoperative complications related to
shunts.
The number of total CEAs in this study seems to be
small compared to other studies, but if we compare
the hospital's and surgeon's annual caseload with other
studies these differences disappear. Depending on the
used definitions a hospital caseload of 33.3 CEAs met
the criteria of a moderate or high case load institution.
In most studies concerning surgeon's annual case load
a number of CEA56 or512 was defining as low to
moderate, while 412 CEA/year as moderate to
high.7,9,10 Because we are a teaching hospital every
procedure is in principal executed by the trainees
which attributated to a caseload of 13.7 procedures
a year. The disadvantage is that the caseload of the
consultant vascular surgeon is low (5.1 CEAs/year),
but we believe that teaching a CEA as trainer, is doing
a CEA.
In this study there is heterogeneity in surgical tech-
niques and patient characteristics and groups are
therefore difficult to compare, but the aim was to
analyse the results of trainees in CEA in unselected
patients. Only randomised clinical trials can eliminate
this bias.
Although this is a retrospective study and the reli-
ability of self-reported data can be questionable, the
end points and outcome of CEA are easily recognized.Eur J Vasc Endovasc Surg Vol 26, September 2003Most studies concerning complication rate after CEA
are retrospective in nature and more supported evi-
dence can only be obtained if all surgeons prospec-
tively reports their results of CEA and follow-up of
patients is done by independent experts. In 1996
Rothwell et al. reviewed the reported stroke and mor-
tality rates in different studies and it was remarkable
that few differences existed between retrospective and
prospective studies.21
In conclusion, this study confirms the findings of
other reports that the in-hospital clinical outcome after
CEA seems to be not adversely affected by supervised
and nonsupervised vascular trainees. The recommen-
dations of the EBSQ-VASC concerning number of
CEAs seems to be feasible and not overstated.
Although follow-up studies are necessary to investi-
gate also the restenosis rate, supervised training in
unselected patients can guarantee the quality of
CEAs in the future.
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